Mitosis, Meiosis and Heredity in Reebops
In this lab, we will study Reebops, small animals made primarily of marshmallow. (This species was first described in Soderberg P. 1992. Marshmallow meiosis. Science Teacher 59:28-31.) We will track their chromosomes through mitosis and meiosis, then determine their phenotypes based on the alleles present and the expression patterns of the various genes. Along the way, we will learn some of the cells and processes of oogenesis, the production of gametes in female animals.
Work in groups of two. Someone in your group will need a camera (for example, on a smartphone) for this lab. If you do not have access to a camera, let your instructor know. You may answer most of these questions directly on the sheet, but you will need to import the pictures into a word processor after class, label them so your instructor knows which is which, and print them.
Part I: Mitosis
A) Obtain a small envelope labeled "Oogonium" from the female gonad. The oogonia can go through repeated rounds of mitosis before ultimately going through meiosis and developing into eggs. (See Female Gametogenesis figure).
Why must oogonia be diploid? In other words, why can't haploid cells undergo meiosis?
B) Remove the chromosomes from the envelope. There should be 28 strips of paper.
(If there's not, let the instructor know!) We will reuse the strips of paper, so do not write on them or destroy them. Each of the strips of paper represents a double-stranded DNA molecule. By overlapping the appropriate pairs of strips of paper, arrange the DNA molecules so that you end up with 14 replicated chromosomes, each made up of two sister chromatids. Now arrange the chromosomes as they would be during metaphase of mitosis. Use a large piece of yarn to illustrate the edges of the cell. 23. What mechanism that increases variation is illustrated by the coin flip followed by the separation of chromosomes during anaphase I and telophase I? G) Discard the set of chromosomes on the right. They will be sent to the first polar body, a tiny cell that is a dead end for the chromosomes that end up there. Arrange the remaining chromosomes as they might be during metaphase II of meiosis. 
Part III. Fertilization and Development
J) Obtain a small envelope labeled "Primary Spermatocyte" from the male gonad envelope. For each homologous pair of chromosomes, pick one randomly, e.g. by coin flip. (If you don't have them all, let your instructor know). Treat the X chromosome and Y chromosome as homologous. This simulates the process of independent assortment during meiosis. Note that real chromosomes would be replicated during independent assortment, as they were during oogenesis.
38. Fill in the following table (Table 1) , using the mother's alleles from part II and the father's alleles from part J. 
K) Your baby Reebop goes through development. Using the reference chart at the end of this packet (Table 2) , determine the phenotype of your Reebop and construct it from the supplies in the room. Reebops have many traits that are environmentally determined -feel free to personalize as you wish, especially with the sharpies.
Please don't eat the marshmallows. Although Reebops are generally delicious, those raised in laboratory environments are toxic. Plus they are full of toothpick pieces.
To answer the following questions, you will need to draw on what you know about Mendelian genetics. You will also start to learn about more complicated inheritance patterns.
Both parents of your new baby Reebop are heterozygous at all genes. (Except eyes, which are a little special in males). Multiple genes on one chromosome 52. Independent assortment increases variation by allowing recombination (shuffling) between genes on different chromosomes. What two genes do not undergo recombination by independent assortment in Reebops? You will need to look at the chromosomes.
53. What other process that occurs in most species (but not Reebops) could have allowed recombination between these genes? 54. Do you expect that there would be any Reebops with curly tails and metal noses? Why or why not?
When two or more genes are more likely to be passed along together because they are on the same chromosome, they are said to be linked. Indeed, since chromosomes in Reebops do not cross over in meiosis I at all, linked genes in Reebops are always passed on together.
Polygenic traits: Hump Number
Both genes H 1 and H 2 affect the number of humps, and the fact that multiple genes affect the characteristic makes it polygenic.
Both of the parents are heterozygous at each of these loci. Due to independent assortment, they can each provide any combination of alleles to their offspring. For this reason, a Punnett square to predict their offspring genotypes would look as shown below, with possible combinations of alleles from the mother's gamete shown down the side, and those from the father across the top. This is essentially a dihybrid cross where we track how alleles for two genes are inherited, but it is special because the two genes affect the same trait (and there is incomplete dominance).
55. Fill in the blank squares below by filling in alleles across and down. If there were hundreds of genes determining number of humps, each of which worked like H 1 and H 2 , it might be impossible to distinguish individual humps and we would simply measure the bumpiness of a Reebop's back. This would then be a continuous trait because we could not divide bumpiness into discrete categories. It would also be a quantitative trait, because we could measure it in a number (e.g. average bumps/inch). This is distinct from the other traits we observed, each of which was discontinuous or categorical.
57. Quantitative, continuous phenotypes (that could be measured with a number) are very common in the real world. Give two examples from humans.
Photo Shoot 58. Take a picture of your Reebop. 
Red Pushpins 40. The expected ratio of black to red hair in offspring is 3:1.
41.
No. This is the average/expected ratio, but each child is produced independently, so it is possible that any given set of offspring could end up with a different ratio.
42. The phenotype ratios would be expected to be closer to the predictions. This is due to the law of large numbers. In other words, if we only have a small number of observations, they often differ considerably from the true probability, while as we collect more, the observations usually approach the true probability. 50. If each individual in the population carried two unique alleles, then the number of alleles would be twice the number of individuals in the population, so 8.
52. Genes N and T. (Nose type and tail shape genes). This is because they are on the same chromosome.
53. Crossing-over 54. No. The parental chromosomes started with either curly tails and plastic noses, or straight tails and metal noses. Without crossing-over, there is no way to shuffle up these alleles and end up with a different combination.
55.
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57. There are many: freckles, height, weight, skin color, etc.
Mitosis, Meiosis and Heredity in Reebops: Educator Resources
Note: More easily edited versions of all materials (in Microsoft Word) are available upon request.
Materials:
Per Reebop: 2 envelopes (one labeled "oogonium" for female chromosomes, the other "primary spermatocyte" for male chromosomes) 3 Googly eyes with adhesive backs
You will also need:
A couple black and red sharpies, and extra colors for embellishment 2 large envelopes (one labeled "female gonad" for "oogonium" envelopes, the other labeled "male gonad"
for "primary spermatocyte" envelopes) 1 roll of yarn and scissors
Appendix 3

Preparation:
The instructor may wish to make his or her own 2 extra Reebops to serve as the "parents." These should each have two eyes, two humps, pink antennae, curly tails, a plastic nose, and black hair. One should have a red tail and red legs, while the other's should be blue.
The instructor may wish to ask students to bring their notes or a textbook to lab for reference.
This exercise assumes students have been introduced to some genetics terms, either in lecture or immediately prior to the lab. Students should be familiar with simple dominance and recessivity and how to make a simple Punnett square for a single-gene autosomal trait. They should also be introduced to the terms haplosufficiency (in which a single functional allele is sufficient to create a normal phenotype, which often leads to simple dominance of the normal allele) and haploinsufficiency (in which a single functional allele is not sufficient to create a normal phenotype, which can often lead to incomplete dominance, or dominance of the mutant allele).
In addition, students should have a thorough introduction to how chromosomes carry genetic information through mitosis and meiosis, including crossing-over and independent assortment. This requires careful elaboration of how chromosomes aggregate and separate in mitosis, meiosis I, and meiosis II, and the effects on ploidy. Students should be introduced to the idea that a chromosome that has split during mitosis or meiosis II becomes two chromosomes. (In this exercise, un-split chromosomes with two chromatids are referred to as "replicated" while split ones are referred to as "unreplicated.") It is worth emphasizing that each strip of paper is a double-stranded DNA molecule.
It is useful for the instructor to circulate and answer student questions during the exercise. The instructor can watch for errors in chromosome layout and correct students. In large labs it may help to request that students tell the instructor when they reach the graphing questions on page 5, so work can be checked at that point. Students often need assistance on questions #39 and #47, which require an understanding of haplosufficiency and haploinsufficiency. Print on red paper and cut out
